According to the Mitchell chemiosmotic hypothesis (7), the electrochemical proton gradient is converted into an electrochemical cation gradient by symport or by antiport systems. Evidence supporting the presence of an Na+/H+ antiporter (NHA) has been found in Escherichia coli cells (12, 13) or membrane vesicles (1, 9) . Although the kinetics, substrate specificity, and genetics of the NHA in E. coli were studied, no specific inhibitors of NHA activity have been found. In the present study, we report that a diuretic drug, amiloride, decreased the activity of the NHA system in everted vesicles of E. coli.
E. coli AS-1 (5) derived from strain W3110 was used. Cells were grown at 370C in culture medium containing 3.4 mM NaH2PO4, 6.4 mM K2HPO4, 2.0 mM (NH4)2SO4, 0.1 FLM ZnCl2, 0.1 puM FeSO4, and 1 [LM CaCl2 supplemented with 0.5% tryptone (Difco Laboratories, Detroit, Mich.). Cells were harvested and washed with 10 mM Tris-hydrochloride buffer (pH 7.2) containing 140 mM choline chloride, 0.5 mM dithiothreitol, and 10% glycerol. The cells were lysed through a French pressure cell at 400 kg/cm2. The resulting suspension was centrifuged at 11,000 x g for 20 min, and the supernatant solution was centrifuged at 105,000 x g for 1 h. The pellet was suspended to give 10 to 20 mg of protein per ml in the same buffer, and an equal volume of glycerol was added. The vesicles were stored at -80°C until use. The ApH across the membrane was measured by acridine orange (AO). The vesicles were added to a mixture containing 10 mM Tris-hydrochloride (pH 8.0), 140 mM choline chloride, 5 mM KCI, 1 mM MgSO4, and 0.5 ,uM AO unless otherwise noted. Fluorescence was measured with excitation at 495 nm and emission at 530 nm. Figure 1A shows a typical recording of fluorescence of AO. AO is a fluorescent amine that has been used to estimate ApH in gastric microsomal vesicles (6) everted vesicles of E.
coli (8) , and renal brush border vesicles (11; C. Burnham, T. Muenzeschelmer, E. Rabon, and G. Sachs, Fed. Proc. 40:462, 1981). It freely permeates the membrane only in the uncharged form, although its protonated form is nonpermeable. When intravesicular pH is low, it concentrates in the membrane vesicle, and its fluorescence is quenched. Thus, its distribution and fluorescence intensity depend on the ApH across the membrane.
The experiment was begun by recording the fluorescence of AO in the medium which included vesicles at a concentration of 40 p.g of protein per ml. When 1 mM Tris-lactate was added to the medium (Fig. 1 Fig. 1A . No further increase in AO fluorescence was observed with further increases of the external sodium concentration. This change in fluorescence was thought to be due to H+ efflux coupled with Na+ influx through the NHA. The initial rates were calculated from the tangents to the fluorescence recovery curves in the first 3 s after NaCl addition. The observed rate of AO fluorescence change in the presence of 1 ,uM triphenyltin chloride which exchanges Cl-and OH-(10) was more than five times greater than the maximal rate observed for the NHA with 5 mM Na+ (data not shown). Therefore, AO equilibration was not rate limiting in our studies.
Under the conditions used, before the addition of NaCl, the concentration of intravesicular H+ was higher than that of the external buffer, whereas that of internal Na+ was zero. Just after the addition of NaCl, unidirectional Na+ influx coupled with H+ efflux must occur. Therefore, the initial rates of fluorescence change must show a unidirectional reaction which can be analyzed by using kinetics. Although the quenching of AO fluorescence is not linearly related to the magnitude of ApH (11), the effects of this nonlinearity can be minimized by recording small changes in fluorescence from a steady-state level of AO quenching. In our experiments, the initial rates were estimated from the change of fluorescence within 3 s after the addition of NaCl, and the magnitude of fluorescence change was less than 5% of the total intensity without respiratory substrate. Thus, the kinetic parameters should be described by the observed rates.
The Lineweaver-Burk plot is shown in Fig. lB 
